Abstract. The braking thermal decay performance of large-scale freight vehicle is an important influencing factor to braking safety. Presently, the utility ratio of disk brake in large-scale freight vehicle is low. In this paper, thermal decay performance comparative test study on disk and drum brake mounted in semitrailer is conducted. The test result shows that During the thermal decay test, the temperature change of disk brake is small in less than 150℃ and big more than 150℃. Temperature change of drum bake is more stable. The disk brake can provide semitrailer with larger brake torque and better thermal stability. It is of more obvious advantages than drum brake.
Introduction
At present, China has more than 19 million cargo vehicles, accounting for 7.8% of the total number of motor vehicles. However, the number of fatalities caused by truck accidents accounts for about 28% of the toll [1] . The failure of the braking system of large freight vehicles is one of the important causes of traffic accidents from the cause of the accident. At present, the main configuration of China's major cargo vehicles braking system is drum brakes. But in terms of braking stability, drum brakes relative to the disc brake is disadvantages. In Europe, starting in 2010, the usage of disc brake in heavy trucks has been more than 85%, and the ratio is still increasing, but in China, the ratio is less than 5% [2] .
In view of the thermal decay phenomenon of the brake, domestic and foreign scholars have carried out in-depth study by using finite element simulation, bench test and thermal decay test of single vehicle from the aspects of friction material, traveling speed and road alignment [3] [4] [5] [6] [7] . And research results have been achieved in this area. The research on the thermal deterioration of disc brake for large freight vehicles is less than drum brake. In order to compare the thermal decay performance, the disc brake and drum brake of the same manufacturer were used to install in the same type of semitrailer and were tested. By analyzing the test data, the development trend of brake application in heavy-duty freight vehicle was discussed. Test system is made up of vehicle performance detector, pedal force meter, multichannel temperature recorder, thermocouple and so on. The main test equipment is shown in Table 1 .
Test preparation

Building of the Test System
Installation of Test System
Vehicle performance tester was installed in the upper cab center console and fixed to the front windshield with a large suction cup, as shown in Figure 1 . The pedal force gauge was mounted on the upper surface of the brake pedal. Multichannel temperature recorder was installed in the left side of the semitrailer storage box, with a soft foam fixed, as shown in Figure 2 . Thermocouples were mounted on disc brakes and drum brakes, respectively, as shown in Figures 3 and 4 . Thermocouples were fixed in the hole of lining with a spring-loaded copper sleeve to adjust the gap caused by wear of the brake pads. That can ensure that the copper sleeve and brake disc surface contact in the process of measurement, as shown in Figure 5 . 
Test Vehicles
The tractor-semitrailer consisted of a 6×4 tractor and a three-axle semitrailer. The test vehicle is shown in Figure 6 . The basic parameters of test was shown in Table 2 . 
Test Methods
Tractor-semitrailer braked at an initial speed of 60km/h and remove the brake when the speed down to 30km/h, and then accelerate to a speed about 60km/h and then brake again to speed down to 30km/h. The test was repeated 20 times. In addition, relieving the tractor brake, retaining only semitrailer brake, test method was as above. During the test, the temperature data of six brakes of semitrailer were collected continuously.
Test Results Analysis Thermal Decay Performance of Tractor-semitrailer
Test results of tractor-semitrailer 60km/h full-load I-type was shown in Table 3 . It can be seen from Table 3 that the tractor-semitrailer assembled disc and drum brakes can meet the relevant standards in the condition of 60km/h hot emergency braking. But the tractor-semitrailer brake performance assembled disc brake is better than drum brake, indicating that the braking torque of disc brake is larger than drum brake. From the point of brake distance, the brake performance of tractor-semitrailer assembled disc brake increase 27.56% relative to drum brake. Therefore, in the hot condition, the disc brakes is of more obvious advantages than drum brake.
Disk brake and drum brake temperature change curve with time of tractor-semitrailer full-load I-type were shown in Figure 7 and Figure 8 respectively. In Figure 7 and Figure 8 , the peak of each curve represents a braking and the curves between the peak represents the non-braking travel of the vehicle. It can be seen from Figure 7 , within 150℃, the temperature rise of disc brake single braking was about 30 ℃, the temperature rise was slow, more than 150℃, the temperature rise of disc brake single braking was about 50 ℃, temperature rise accelerated. It can be seen from Figure 8 , temperature rise of drum brake in the course of a single brake is relatively uniform, about 35℃.
Brake temperature of tractor-semitrailer full-load I-type were shown in table 8. As can be seen from Table 4 , the average temperature of disc brakes at the end of type I test is 351.83 ℃ and drum brake is 241.82 ℃, the difference between them is 110.01℃.
Thermal Decay Performance of Semitrailer Brake Only
When only semitrailer brake, the test results of 60km/h full-load I-type were shown in table 7. There is no relevant standard requirements about semitrailer brake only, the test method with reference to GB / T12676. It can be seen from Table 5 , when the semitrailer carries through 60km/h hot emergency braking, the braking distance of disk brake is 86.07m, and drum brake is 241.4m.
It can be seen from Table 7 , for the disk brake, the performance decreased slightly in hot and cold emergency braking, and the braking distance increased only 19.85m. The braking performance can maintained well. For the drum brake, the performance decreased quickly, and the braking distance increased 152.68m. The MFDD of drum brake is 0.61m/s2, which indicated that the semitrailer matched drum brake recessed serious, close to failure.
Disk brake and drum brake temperature change curve with time of semitrailer brake only full-load I-type were shown in Figure 9 and Figure 10 respectively. From the curve shape view, Figure 9 and Figure 7 , Figure 10 and Figure 8 has a high similarity. From the numerical point view, because only the semitrailer brake, the brake withstand a greater braking torque, temperature rise of single braking is 15% higher relative to tractor-semitrailer braking.
Brake temperature of semitrailer brake only full-load I-type were shown in table 6. As can be seen from Table 6 , the average temperature of disc brakes at the end of type I test (semitrailer brake only) is 525.53℃ and drum brake is 384.82℃, the difference between them is 140.71℃, which indicated that the heat capacity of disk brake is smaller than drum disk.
Combining the braking performance of Table 4 (corresponding to Table3) and Table 6  (corresponding to Table 5 ), it can be seen that although the temperature of the disc brake is increased rapidly, the disc brake has better thermal stability, and can still provide better braking force when the temperature is around 525℃. And drum brake has basically lost the braking capacity at 384℃.
Brake state Before and After Test
The state of the disc and drum before and after braking is shown in Figure 11 to Figure 14 . As can be seen from Figure 11 to Figure 14 , there is no significant difference stage between the engagement of the brake disc and the friction disc and the brake drum and the brake shoe at the low temperature, and braking performance is also close. But in the high temperature stage, it can be clearly seen that one end of the brake shoe and brake drum fits poorly, while brake disc friction fits well,. That can effectively guarantee the driving system Safety.
From a physical point of view, the braking process is the process of converting kinetic energy into heat energy. The temperature of brake disc and the friction plate, brake drum and brake shoe will rise rapidly, but the states of brake disc and drum at high temperatures is different, resulting in the different braking effect. The state of the brake disc and drum in the hot and cold conditions is shown as Figure 15 As can be seen from Figure 15 , the brake disc and friction plate is in contact with t during braking, which can ensure the stability of braking performance. In the high temperature stage, due to high temperature deformation of the brake drum, the contact area decreases, making the braking friction force decreases, braking performance changes.
